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WP4 Objectives
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Develop and validate a new generation of cost-effective 
and 100% recycled packaging structures for both flexible 
and rigid applications in the food sector 

Assessment of food contact safety in terms of overall 
(based on EN 1186) and specific (based on EN 13130) 
migration tests. 

Demonstrate the circularity of MERLIN’s processes, 
reintroducing the developed recycled packaging into the 
loop and ensuring its recyclability at its end of life. 



Rigid packaging development
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Monomaterial packaging cups (POs) by 
injection moulding.

Monomaterial bottles (PET) by injection-blow 
moulding .

Multi-layer and monolayer trays  (POs and 
PET) by co-extrusion/extrusion lamination 

process

Test the trials. Characterization and 
benchmarking:

Upcycled POs & 
Repolymerized 
PET



Rigid packaging development

Demonstrators 4: Cups in rLDPE from CEA by injection moulding. 

➢ Simulated material (upcycled of commercial delamination LDPE)
•

➢ Real demonstrator (25% upcycled of merlin delamination LDPE +75% commercial virgin LDPE)
• Some samples with IML. 

"virgin” LDPE, “simulated” rLDPE, “real” rLDPE, “real” rLDPE with IML
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Some “spots” or infused particles
in recycled materials



Rigid packaging development

Injection parameters and charachterization
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• More temperature (+ 15%) and injection pressure in recycled (+67%)

• No breakage in Impact resistance test

• More compression resistance in recycled (mix of grades) (45% and 75%)

• Similar barrier properties

MATERIAL 
Temperature 

Profile (°C)

Injection 

Pressure (bar)

IMPACT 
RESISTANCE 
(Tª = 25ºC)  

MECHANICAL 
RESISTANCE
Fmax (Nw)

OTR (ml/m2·d) WVTR (g/m2·d)

VIRGIN LDPE 200 900
NO BREAKAGE 

163 5.86 0.00172 

MERLIN rLDPE 230 1500
NO BREAKAGE 

236 5.09 0.00176 

SIMULATED 
rLDPE

230 1500
NO BREAKAGE 

284 N/A
N/A



Rigid packaging development

Demonstrators 3: Bottles in rPET from INDORAMA.

➢ Simulated material (repolymerization of commercial delamination PET )

➢ Real demonstrator (repolymerization of 50% merlin delamination material + 50% commercial delamination PET)
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"virgin” PET, “real” rPET, “simulated” rPET 

“Grey” color, more in simulated material



Rigid packaging development

Injection blowing parameters and charachterization
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• Same parameters in the process

• No breakage in Impact resistance test

• Similar compression resistance, small decreasing in recycled

• Less oxygen barrier in recycled (40%)

MATERIAL 
Temperature 

Profile (°C)

Injection 

Pressure (MPa)

IMPACT 
RESISTANCE 
(Tª = 25ºC)  

MECHANICAL 
RESISTANCE
Fmax (Nw)

OTR (ml/m2·d) WVTR (g/m2·d)

VIRGIN PET 275 17,7
NO BREAKAGE 

483 0.196 0.011  

MERLIN rPET 275 17,7
NO BREAKAGE 

441 0.312 0.013

SIMULATED 
rPET 

275 17,7
NO BREAKAGE 

448 N/A N/A



Rigid packaging development

Demonstrators 2: Trays of rPET(multilayer and monolayer).

➢ Simulated material (Multilayer rPET/rLDPE tray) 

• Repolymerization of commercial delamination PET  (INDORAMA)
• Upcycled of commercial delamination LDPE (CEA)

➢ Real demonstrator (Monolayer rPET tray)

• Repolymerization of 50% merlin delamination material + 50% commercial delamination PET  (INDORAMA)
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Reference Description

T-004 Monolayer PET CR

T-003
Monolayer Blend rPET Indorama + 50% PET RAMAPET N180 - 500 

microns

T-005
Multilayer rPET Simulated (Outer Layer 500 microns)+Tie layer + rLDPE

Simulated (Inner Layer 100 microns)

Trays T-004, T-003 and T-005.



Rigid packaging development

Extrusion thermoforming parameters and charachterization
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• Similar parameters in the process

• No breakage in drop test

• Difference compression resistance, small in recycled (-57% mono / -28% multi )

• Tensile test 
• Monolayer: Similar values between virgin and blend of recycled and virgin

• Multilayer: Less values in recycled materials (- 32%)

• Less barrier properties in recycled (- 20%) and multilayer

TRAY 
Heating time 

(s)

Vacuum Delay 

(s)

DROP IMPACT
(Tª = 25ºC)  

Youngs Modulus 
(GPa)

Stress at peak 
(MPa)

Strain at Break 
(%)

MECHANICAL 
RESISTANCE
Fmax (Nw)

OTR (ml/m2·d) WVTR (g/m2·d)

Benchmark 

PET/EVA/PE
N/A N/A NO BREAKAGE MD: 1.69 CD: 1.68 MD: 54.0 CD: 52.9 MD: 368 CD: 301 363 7.0 2.0 

T-004 15 0,7
NO BREAKAGE 

MD: 1.97 CD: 1.98 MD: 64.2 CD: 63.9 MD: 5.7 CD: 5.1 400 6.6 2.9 

T-003 18 0,5
NO BREAKAGE 

MD: 1.97 CD: 1.89 MD: 61.4 CD: 57.4 MD: 5.1 CD: 4.7 170 7.9 3.3  

T-005 20 0,5
NO BREAKAGE 

MD: 1.15  CD: 1.07 MD: 31.2 CD: 26.9 MD: 4.0 CD: 3.3 260 8.7 2.4 



Flexible packaging development 
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Trials to produce multi-layer flexible (POs 
and PET) – Flow-packs

Test the trials. Characterization and 
benchmarking:

Upcycled POs & PET 
from flexible 
packaging

www.merlinproject.eu



Flexible packaging development

Demonstrators 1: Multilayer Films of rPET and rLDPE

➢ Simulated material (Multilayer rPET/rLDPE films) 

• Upcycled of commercial delamination PET  (CEA)
• Upcycled of commercial delamination LDPE  (CEA)

➢ Real demonstrator (Monolayer rPET tray)

• Upcycled of 50% merlin delamination PET + 50% commercial delamination PET (CEA)
• Upcycled of 50% merlin delamination LDPE + commercial delamination LDPE  (CEA)
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www.merlinproject.eu PET reel  LDPE reel  Laminated

PET/LDPE

Adhesiv
e unit  

R-PET

R-PE

Polyurethane-based adhesive



Flexible packaging development

Demonstrators 1: Multilayer Films of rPET and rLDPE
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simulated rLDPE 

Presence of defects in rPET reel (impurities) and rLDPE reel (non 
planarity) that could compromise the lamination and different thickness 

simulated rPET 
real rLDPE real rPET real rPET/rLDPEsimulated rPET/rLDPE



Flexible packaging development

Lamination parameters and charachterization
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• Similar parameters in the process (manually for real material)

• Tensile test : 3 breakeages in the laminated material (no normal, only 1)

• High COF in LDPE inner layer, be attributable to the greasy surface of 
LDPE and to the non-planarity of the film. (+85%)

• High bonding strength in real material

• Similar sealing parameters and behaviour

• Less barrier properties in recycled (impurities)

1° break 2° break 3° break

FILM
Thickness 

(µm)

Bonding 
Strength 

(N/25mm)

Stress at break 
(MPa)

Elongation at 
break (%)

COF Static
(inner – inner)

COF Dynamic 
(inner – inner)

OTR (ml/m2·d) WVTR (g/m2·d)

Simulated 
rPET/rLDPE 

148 2.1 MD: 7.4 CD: 1.18 MD: 250 CD: 120 0.74 0.58 N/A N/A

Real 
rPET/rLDPE 

251 11 MD: 12.4   CD: 1.4  MD: 43  CD: 8 N/A N/A 27.7 7.0



Risk assessment in food contact application
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Test
Demonstrator 1. Multilayer 
flexible film

Demonstrator 2. PET 
monolayer tray

Demonstrator 3. PET bottle Demonstrator 4. LDPE pot

OM2

Food simulant A Pass Pass Pass Pass

Food simulant B Pass Pass Pass Pass

Food simulant D2 ethanol 95% Pass Pass Pass Not pass

Food simulant D2 isooctane Not pass Pass Not pass Pass

Specific migration of metals 

Food simulant B acetic acid 3%
Pass Pass Pass Pass

Specific migration of primary 
aromatic amines 

Food simulant B acetic acid 3%

Not pass Pass Pass Pass

Migration Test
Overall (10 days 40ºC) and Specific Migration (10 days 60ºC)



Risk assessment in food contact application
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Test
Demonstrator 1. Multilayer 
flexible film

Demonstrator 2. PET 
monolayer tray

Demonstrator 3. PET bottle Demonstrator 4. LDPE pot

Substances

None of the substances found 
are classified as CMR, SVHC or 
present a hazard

One substance is classified as 
CMR

One substance is classified as 
CMR

None of the substances found 
are classified as CMR, SVHC 
or present a hazard

Conclussion
No safety implications for the 
consumer 

No safety implications for the 
consumer 

No safety implications for the 
consumer 

No safety implications for 
the consumer 

Risk assessment
NIAS and Risk assessment



Risk assessment in food contact application
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Conclusions and suitable aplications

• The obtained  results form the basis that the processes worked out within the MERLIN project 
as well as the materials obtained could de safe for food contact applications.

o Demonstrator 1 (flexible film) would not be suitable for use in contact with food, as high 
migration of a primary aromatic amine classified as carcinogenic.

o Demonstrator 2 (PET monolayer tray) would be suitable for a safe contact with all types 
of food in conditions of prolonged storage at ambient temperature or below, including 
packaging under hot-fill conditions.

o Demonstrators 3 and 4 (PET bottle and LDPE pot respectibely) would be suitable for a 
safe contact with non fatty foods or foods with fat on their surface, in conditions of 
prolonged storage at ambient temperature or below, including packaging under hot-fill 
conditions.



Circularity of MERLIN processes
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All demonstrators have proven to be recyclable by the same recycling technologies.



Conclusions
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The quality of the material, overall, the impurities should be improved 

Best results in rigid packaging and repolymerization
More actions for flexible packaging and upcycled materials

Recycled materials from delamination could be safe for food contact application

The origin of some substances must be analyzed. Decontamination may be necessary.

The process is circular



Q&A
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